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Growth and Development XIV 
With Special Reference to Domestic Animals 
A. Measurements of Growing Holstein and Jer-
sey Cattle on Missouri Farms. 
A. c. RAGSDALE AND M. J. REGAN 
The principal purpose of this paper is to pre.sent data on growth in 
weight and certain linear dimensions of the Holstein and Jersey breeds of 
cattle with the hope of establishing upper and lower limits between 
which normal animals of these breeds may be expected to vary. A 
second purpose is to investigate the possibility of using body size as a 
supplement to, or to entirely replace, age as a guide to the proper time 
for breeding dairy animals. If a method could be developed for judging 
with greater accuracy the earliest time at which an animal could be 
bred without materially retarding subsequent growth, then evidently 
much economic advantage would be gained thereby. 
The following statement by Director F. B. Mumford of this Station 
indicates the importance of this problem: "The productive life of domes-
tic animals is very short. This period of productivity ends, in the case 
of most domestic animals, before maturity or while the animal is still 
actively growing. The objective of the breeder of domestic animals is to 
develop the qualities in these animals valuable to man in the shortest 
period of time and at the lowest cost of food and labor." , 
In the past there have been formulated standards of normal growth 
of dairy cattle. These standards were first presented by C. H. Eckles, 
and were based on the measurements of a comparatively few individuals 
owned in the University of Missouri dairy herd. Increasing the number 
of measurements on this herd would, in all probability, not materially 
change these values, because all the animals are very much alike in 
breeding and are under similar conditions of feed and management. 
The practical dairyman is not particularly interested in growth 
standards based on the individuals of a given herd unless it is certain 
that such standards are generally applicable. An excension specialist 
in dairy husbandry, for example, having to advise with the owners and to 
judge herds varying widely with respect to heredity, feeding, and man-
agement, needs a standard or criterion of growth progress which is 
possibly more flexible than can probably be obtained by measuring 
animals in one herd as was done by Eckles and his associates. This need 
for a broad criterion of growth progress suggested the need of gathering 
data on growth of dairy cattle as found under actual farm conditions 
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and to formulate on the basis of this data a flexible growth standard. 
This bulletin presents the results of an investigation made in an attempt 
to make a contribution to this need. 
IDSTORICAL NOTES 
Since the historical aspects of the growth problem have been re-
viewed in great detail in the first and third bulletins of this series (Mis-
souri Agricultural Experiment Station Research Bulletins 96 and 97), 
there seems no need of going into this matter in this publication. 
There is one fact, however, discussed in Research Bulletin 116 of 
this series which needs emphasis. It is this: It has been shown by 
Osborne and Mendel that certain improvements in the diet of rats 
accelerates the growth rate enormously. As a matter of fact, it is shown 
in that bulletin that the rats of Osborne and Mendel on the improved 
diet reached mature body weight in one half the time taken by the rat 
of Donaldson. In other words, chronological age is not necessarily an 
index of phy siological or developmental age. 
There is of course nothing radically new about this idea. It is a 
matter of common knowledge that children of a given age vary enor-
mously with respect to physiological as well as mental age. 
But this fact is of profound importance to the animal husbandman 
inasmuch as the cost of making a given amount of growth is almost 
directly proportional to the time required to make the growth. This 
arises from the fact that maintenance is the largest item in the cost of 
growth, and the longer the period of growth in proportion to the amount 
of growth made the greater the expenditure for maintenance. 
One inference from this discussion is that it is most economical 
to feed the animal as liberal as possible during its grow th period. Another 
inference is that not chronological age but physiological age (body size) 
should be taken as a criterion for breeding animals, or for putting them 
to productive use. 
And, as stated in the introduction, it is our purpose to determine 
the limiting values of body size at different ages, so that the reader may 
estimate the physiological age of his animal, and put the animal to 
productive use accordingly. 
METHODS 
The obvious procedure for determining the range in size of animals 
at given ages is to measure animals as kept under different conditions. 
Accordingly the measurements were made on animals in representative 
herds in Missouri. These measurements were taken by the junior 
author, under the direction of the senior author. 
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Unfortunately, the measurements had to be confined, in most cases 
to lineal size only, as it was not practical to weigh the animals~ 
The five measurements which were used in these studies are as 
follows: (1) height at withers, (2) heart girth, (3) width at hips, (4) 
withers to a line between the hips, and (5) point of shoulder to ischium. 
The instruments used were a meter tape and a simple measuring rod 
reading in centimeters, with a level on the cross arm. The age and certain 
other data, as indicated on the data card given later, were also recorded 
for each animal. 
At each farm where data were taken a smooth level floor was made 
on which to stand the animals while taking measurements. Complete 
measurements were taken on each animal and then the animal was moved 
and the same measurements taken a second time. This procedure was 
repeated for a third time. Each measurement was recorded for each 
time the animal was measured and all three measurements were averaged 
and the average used as the final value. All data were taken in the metric 
system. These data were recorded on a data card and a separate card 
used for each animal. The form of this card was as follows: 
Breed ................................................................ Date .................. ................................. . 
Name or Herd No ... ................................................................................................... . 
Dropped ................. ............................................... Bred. .............................................. . 
Milk ........................................ Fat ........................................ Age ................................. . 
1. Weight in Lbs ...................................................................................................... . 
2. Height at withers in cm ...................................................................................... . 
3. Heart girth in cm ................................................................................................ . 
4. Width of hips in cm ............................................................................................ . 
5. Withers to line between hips cm ... ................................................................... . 
6. Point of shoulders to ischium cm ...................................................................... . 
Owner's name and address ....................................................................................... . 
These data were charted together with the data taken by C. H. 
Eckles (1920), and other data published in Research Bulletin 96 of this 
sen es. 
DATA 
As the numerical data are somewhat confusing, we shall merely 
present the charts of the data from which the reader can easily inter-
polate the range in sizes for a given age. The formulae of the smooth 
<:urves given on the charts, computed by Samuel Brody of this Station 
may be useful to the mathematically inclined reader. The formulae 
not only enable such a reader to compute the numerical values repre-
sented by the curves, but they also indicate the theoretical maximum 
mature values. The first term is the mature value. Thus, in Fig. 1, 
6 MISSOURI AGRICULTURAL ExPERIM'ENT STATION 
the mature maximum heart girth is 196 centimeters. The mature mini-
mum heart girth is 154 centimeters. The numerical values of the expo-
nent of e is the percentage decline in yearly increment. For the upper 
limit, the yearly decline in the increment is 7.4 per cent; for the lower 
limit it is 9.0 per cent per year. The significance of these equations has 
been explained in full detail in Research Bulletin 97 of this series. 
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Fig. 1.-The Relation Between Heart Girth and Age in Dairy Cattle, as indicated by the distribu-
tion of the measurements of individual animals . The upper and lower curves were drawn according to 
the equations given on the chart. The equations on the chart indicate that the heart girth of mature 
animale varies within limits of 154 to 196 centimeters, and that the yearly increments in heart girth 
decline by roughly 8 per cent per year. Circles represent data by Eckles on Animals in the University 
of Missouri herd. X's represent measurements by Matthews on animals in the herds of four universities 
and a number of leading breeders. Triangles represent measurements by the junior author on farm 
herds. 
In addition to the measurements taken by the junior author plotted 
· m the graphs, we have also included Eckles' data and also measure-
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ments taken under the senior author's direction by E. C. Elting on 
animals in the herd of the University of Missouri, and measurements by 
J. S. Matthews made on animals in the herds of the University of 
Missouri, Kansas State Agricultural College, University of Nebraska, 
Iowa State Agricultural College, and a few leading private herds in 
these states. The junior author's data were obtained on representative 
farm herds in all sections of Missouri. 
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Fig. 2.-Growth in Height of Withers in Jersey Cattle. The circles represent data by Eckles on the University 
of Missouri herd. X's represent measurements by Matthews on animals in the herds of four universities and a number 
of leading breeders. Triangles represent measurements by the writer on farm herds. 
The charts are self-explanatory. Fig. 1 shows the age changes in 
heart girth of the Jersey breed. As noted, the range for heart girth of 
mature animals ranges between 154 and 196 centimeter.; as indicated 
by the equations on the chart, and the yearly increases in heart girth 
decline by about 8 per cent per year. 
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A fact of considerable economic interest is brought out by the low 
position of the triangles on the chart. The triangles represent the animals 
measured by the junior writer in farm herds. Their low position indi-
cates that the heart girth of the animals in the farm herds between the 
ages of 20 and 30 months is considerably below corresponding sizes in 
the University herds. This may be explained by the fact that the animals 
in the farm herds are presumably not fed and cared for in such a manner 
as to promote maximum growth up to these, the approximate usual ages 
for first calving. 
Figure 2 represents the relation between the height at withers and 
age. The smooth curves indicate that the height at withers measurement 
in mature Jersey cattle varies from 118 to 128 centimeters. The ex-
ponents of the eq~ations on the curves indicate that the increments in 
height of withers decline at a rate of approximately 10 per cent per year. 
The low values of the height at withers of the animals measured by the 
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junior writer are as conspicuous in this chart as in the preceding figure. 
Figure 3 shows similar data for growth in height at withers for Holstein 
cattle. 
Figure 4 shows the relation between heart girth and age of individual 
animals in the Holstein breed. The heart girth ranges in size from 176 
to 214 centimeters. The reader will note the enormous range in size 
with respect to the heart girth; this is very striking indeed. This, how-
ever, is what might be expected considering the fact that while height 
at withers is but slightly influenced by environmental conditions, heart 
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girth on the other hand includes not merely the linear size of the ani-
mal, but also the flesh surrounding the skeletal structure. 
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ischium in Holstein cattle. The limits between which the sizes vary are 
clearly indicated by the curves, namely, 162 to 180 centimeters. Figure 
6 presents similar data on Jersey cattle. 
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12 MISSOURI AGRICULTURAL EXPERIMENT STATION 
It may be noted that in Figures 3 and 4 representing the Holstein 
data the low values between ages of the 20 and 30 months are not present. 
This may be explained by the fact that the measurements were taken on 
animals in University herds or in herds of the better class of breeders, 
where good feeding practices, similar to the practices used and recom-
mended by the universities were used in growing out the heifers. 
SUMMARY AND CONCLUSIONS 
It is believed to be useful to have the distribution of sizes of animals 
for different ages with the minima and maxima. Accordingly measure-
ments have been made of dairy animals of different ages on farms in 
Missouri. These data have been plotted together with other data ob-
tained by the Missouri Experiment station thus formulating tentative 
values for such distributions. 
The majority of animals in the farm herds are shown to be smaller 
at puberty and at calving time than the animals of the corresponding 
ages in the herds of the University of Missouri and of several other mid-
western universities and of leading breeders. These differences are 
overcome with advancing age, thereby indicating that the differences 
at the earlier ages are not hereditary but that they represent a condition 
of retarded growth due to underfeeding. 
It is evident that such retardation of growth is wasteful of mainte-
nance cost and postpones the productive period. This retardation is 
particularly unfortunate as it comes at an age when growth is most 
economical. It is also unfortunate because dairy animals have usually 
been bred at a given chronological age more or less regardless of the 
physiological or developmental age, thereby further retarding growth 
by the subsequent lactation. 
It is concluded that it is most economical to grow animals at the 
maximum possible rate so their inherent growth potentialities may be 
realized to the fullest extent while they are young; and to breed the 
animals not at a given age, but as soon as they reach a reasonable size, 
about three-fourths of the mature size. In this way, the animals will 
mature earlier, freshen earlier, and it is believed will then have a longer 
and more economical productive life. 
1l 
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B. Tentative Prediction Charts for Growth of 
Cattle. 
SAMUEL BRODY AND A. c. RAGSDALE 
It is often desirable to determine the weight of an animal from a 
knowledge of its linear measurements only. It is for example desirable 
to know the weights corresponding to the linear measurements obtained 
on a farm where suitable scales are not available. This may be accom-
plished as follows, based on Missouri Experimental Station Research 
Bulletin 103 of this series. 
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14 MISSOURI AGRICULTURAL EXPERIM':ENT STATION 
We have the weights and linear measurements of a large number of 
cattle. The weights are plotted against the linear measurements giving 
a linear distribution (see Research Bulletin 103 of this series) as shown 
in Fig. 7. A representative line is then drawn through the data points 
and the weights corresponding to any given linear size may be read direct-
ly from the graph, or computed from the given formulae. If desired, a 
table may be prepared giving the weights corresponding to the series of 
linear sizes, and we plan to do this when more data become available. 
The correlation between weight and linear size, especially the heart girth 
measurement is evidently very close considering that the charts represent 
four distinct breeds of cattle. 
Employing this method of prediction we have computed the weights 
of the animals measured by Ashton (see Research Bulletin 141 of this 
series) and plotted the values thus computed in Figs. 8, 9, and 10 for 
growth in weight of Brittany, Lombardy, Brown Swiss, English Short-
horn, and Ayrshire cattle. In Fig. 8 comparison is made of the age 
curves of Brittany cattle with those of Jersey and Holstein cattle as 
measured in this Station under Eckles' direction. 
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Fig. 8.-Growth in Weight of Brittany cattle computed from the R elationships in 
Fig. 7. The Holstein and Jersey curve are given for comparison. The li near measure-
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Figs. 11 and 12 present age curves of growth in weight computed 
from heart-girth measurements of beef cattle (the measurements were 
made by J. E. Comfort as explained in Research Bulletin 115 of this 
series). These are compared with Eckles' averages for dairy cattle. 
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Figs. 13 to 18 present directly determined individual weights. 
These are of value in showing the distribution and range of the weights 
for different ages. 
The curves represent the equation 
W=A-Be-kt 
in which W is the weight (in kilos) for the age t. A is the theoretical 
mature weight, and k is the relative (or percentage, if multiplied by 100) 
decline in the rate of growth. All this is explained in detail in Research 
Bulletin 97 of this series. 
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Figs. 19 to 24 represent individual linear measurements of Ayrshire 
and Guernsey cattle. The Linear measurements for Holstein and Jerseys 
have been presented in Figs. 1 to 6. 
Cm 
1130 
160 
100 
00 
60 
Mis. 
IX 
-
l"\Crf·'~ ~ 
., ~g ,_ x v 
. '-' . Iv v 
x 
'· . 
'" • 
. •iv• . ~. IX X 
, .. 
. • 
• ,i; • . . . 
/ c~ rx • . . . 
... 
. 
/ . . -.O :c1 
-
x 
-
/ ~" . .... t 4 
) .~ . !/"" 
~ I- • 
x I O IX X .Z" 
. 
L x / 
x I.I 
/ I A A / 
. T 
I .J 
I< ( 
... "I 
J x ( • 
·"' I x 1"1 TJ e11s 
X'I 
~· 
I"" 
I 
x 
lli 
~ 
.. - . --
0 10 20 30 40 50 60 
Fig. 19.-lndividu al Heart-girth M easu rements of Ayrshire Cattle. 
-
?O 
In. 
75 
65 
60 
45 
30 
25 
24 MISSOURI AGRICULTURAL EXPERIMENT STATION 
~. 
u -
-
-
, e 
-
170 ' ~ 
~ 
,.,. 
y 
' 
x 
xV x . -ov 
x 
-
v. . . I x 160 . . . . 
I'°' x x . 
. -~-· -
. ~ . _, ,n~ e· qo 
I/ . . . ~ II!°"' 50 . . . . 
~ . . . . . -
x / . . . . 
I . / I 
140 / --. . . . i ~ 
I . 
' v 
' 
x I 
130 I • 
. . . 
. / 
•-ou 
I ' 
" j 
120 ' 
-I J 
~ 
-45 
110 I I • 
A J 
' 
I 
' 
-40 
!DO ! ~ I , ,,. ' .. .,c 
• F1 ~~ 
00 I . 
-35 
I x 
I 
I 
00 I 
-
3:'.l 
I 
I 
70,. -
-
m.n<: nif e '!:fl 
~·~--- . ·-· 25 
-
0 
Mos. ) ID 20 3:'.l ~) 5D ff) 70 
Fig. 20.-Individual Measurements of Shoulder to lschium in Ayrshire Cattle. 
RESEARCH BULLETIN 142 
Cm. 1TT Tl T I I ' 
I 
' 
I I I I I I 
130 ¢ ~ 
I\ 
T 0 I 
' <I f I 
120 IC 
' 
U) 110 
~ I I ~ I I I I I I ~ I I I I J:: .... ~ I I 
.9' I I I I I ~ ' I I I I I I I I 
9:J 
=Fl=. I I I 
l I 
00 I 
H-+-+-t-+++-t-+-+-++-t1-+-++-+-r+-+-+-+-+-+-~-+-+1 
60=, 
Mos. O ID 20 ~ ~ ~ W 
Age 
I 
ln. 
• 
1 
'.>J 
45 
I I 
40 
I I 
35 
..,_. 
'•. ~It e- '-' 
I 25 
I ::::r=._ =-rn 
70 80 90 
Fig . 21.-lndividual !vieasuremcnts of Height at \Vithers of Ayrshire Cattle. 
Cm In 
W1 
<:\.,\, 
0 
75 0 
IU 
!BO _, 6 
70 1u,~ 
0 
l"V 1-65 !60 lo 0 
.<> 
/ 
60 / 
140 I 55 
50 
120 
1-45 
100 
·-40 
I 
le 
BO 
0 ]J 
' 
30 4) 50 fl) 70 00 AQe 
Fig. 22.-lndividual Measurements of Chest of Guernsey Cattle. 
25 
g 
j; 
r5 
ii 
~ 
26 
c m 
t7 0 
160 
15 a 
0 
110 
100 
90 
I 
c L 
0 B 
MosO 
I 
I 
MISSOURI AGRICULTURAL EXPERIMENT STATION 
0 
' 
~- ,_, ". 
-- '· -
v. 
_.,. \.. 
v 0 
0 
,I 0 
0 0 
/ 
I 
J 
c 
I 
I 
I 
I 
'f<. 
~. 
V' -· 
VJVV-
·~ 
10 20 .50 60 70 
Fig. 23.-lndividual Measurements of Shoulder to lschium of Guernsey Cattle. 
-
-
-
-
In. (() 
60 
55 
50 
45 
40 
35 
RESEARCH BULLETIN 142 27 
Crr·roTT-rT"T"""T--,-,rrrrTT-rT"T"""T...,-,rrrrTT-rT"T"""T...,-,-r-rr-r-r--r-r..,....,.-,-,-,.-.....,]n_ 
~ ~ 
0 
130 
0 ,_. 
In 1:... 0 
r7 ro 120 
" 
' 
10 
I j 110 ( H-+H+-1*+-++++++++++++++++++++++H+H+H+l-++l-+~' .. I I 11: tl 
f100 H-H'-tft-t-tt+++++++H-H++-++++++++++~--W-+-W--1-~~t 
,, 
~ 
001HJ>t--t-+t-H--Hl-+-r+-H-+t-t-+-H-+-1-+-+-++++-+-+-l-+-l-l-+-l--l-l--l-l--+-I-+-~ 
~~8 ~, 1~151~0~.~'~'~'£~'~1~1~1~~i,~,~,~,~~l~'~l ~,~~,~,~00~~mt'~i~l~I 1~00~1~t90 
A~ 
Fig. 24.-Height at Withers of Guernsey Cattle. (Note: All the measurements on Guernsey c.ttle 
were made by J. S . Matthews under direction of A. C. Ragsdale as explained in Research Bulletin 115 
of this series). 
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Fig. 25 presents the age changes for surface area. 
As noted, these charts may be useful for purposes of prediction 
until such time as available data may justify formulation of more definite 
numerical prediction values. 
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